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DETAILED ACTION 

Claim Rejections - 35 USC § 103 

1. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

3. Claim 27, 28, 30, 34-36 and 41are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Neilson et al (6,054,369). 

Re claim 27, Neilson et al disclose in FIGS. (2a or 2b or 2c or 2d) and 3 a 
method of sealing a first wafer (NT Si 22 in FIGS. 2a-d) and a second wafer (N + Si below 
buffer layer 24 in FIGS. 2a-d) each made of semiconducting (silicon) materials, 
comprising: 

implanting a metallic (Pt, Cu, Ni or Co centers "x" in FIGS. 2a-d) species in at 
least the first wafer (either first or second wafer or both), assembling the first wafer and 
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the second wafer by molecular bonding, (column 3, lines 47-67; column 4, lines 1-55; 
column 5, lines 5-22) 

Neilson et al fail to explicitly disclose after the molecular bonding, forming a 
metallic ohmic contact including alloys formed between the implanted metallic species 
and the semiconducting materials of the first wafer and the second water, said metallic 
ohmic contact being formed at an assembly interface between the first wafer and the 
second wafer, wherein the forming includes causing the implanted metallic species to 
diffuse towards the interface between the first wafer with the second wafer and beyond 
the interface. 

However, these limitations are obviously satisfied since Neilson et al disclose 
using suitable heat treatment can be performed after a molecular bond between the first 
and second wafers, which causes the metallic implant species to diffuse, both upward 
and downward, across the first and second wafer interface (20 in FIGS. 2a-d). Thus, the 
metallic species react with the silicon wafers to form metallic-silicon alloys which could 
functions as ohmic (metal-semiconductor: See Sze et al, 1 st , 2 nd or 3 rd Ed. 1969, 1981, 
2007; Chapter 3, Section 3.6) contacts, (column 3, lines 7-20; column 4, lines 25-55 
column 5, lines 5-22) 

Re claim 28, Neilson et al make obvious the claimed limitations of wherein the 
forming includes applying a heat treatment at a temperature equal at least to a 
formation temperature of the said alloys since it is disclosed that a suitable heat 
treatment can be performed after a molecular bond between the first and second 
wafers, which causes the metallic implant species to diffuse, both upward and 
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downward, across the first and second wafer interface (20 in FIGS. 2a-d), thus causing 
the metallic species react with the silicon wafers to form metallic-silicon alloys, (column 

3, lines 7-20; column 4, lines 25-55 column 5, lines 5-22) 

Re claim 30, Neilson et al disclose wherein the implanting includes implanting the 
metallic (Pt; column 4, lines 25-55) species at a dose of between 10 14 and 10 18 
species/cm 2 (column 3, lines 47-65: a concentration of 10 14 and 10 19 /cm 3 corresponds 
to a dose of less than 10 16 species/cm 2 as is evidenced by Bredthauer, column 3, lines 
15-44) 

Re claim 34, Neilson et al disclose the first wafer (N" Si 22 in FIGS. 2a-d) and the 
second wafer (N + Si below buffer layer 24 in FIGS. 2a-d) being made from silicon, 
(column 5, lines 14-22) 

Re claim 35, Neilson et al disclose the implanted species includes one of 
platinum, nickel, cobalt or copper, (column 4, lines 36-55) 

Re claim 36, Neilson et a I disclose at least one of the wafers is heterostructure 
(N" Si 22 in FIGS. 2a-d comprises a dielectric on its top surface). 

Re claim 41 , Neilson et al disclose at least one of the wafers includes at least 
one circuit or circuit layer. (NT Si 22 in FIGS. 2a-d comprises a dielectric and a 
polysilicon circuit layer on its top surface) 

4. Claim 29, 42, 43, 45; 53 and 54 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Neilson et al in view of Bredthauer (4,742,017). 
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Re claim 29, Neilson et al disclose implanting the metallic species (Pt, Ni, Co or 
Cu) under a surface of the first wafer (NT Si 22 in FIGS. 2a-d). (column 3, lines 47-67; 
column 4, lines 1-55) 

Neilsonet al fail to disclose at a depth (Rp) of between 5 nm and 20 nm under a 
surface of the first wafer. 

Bredthauer discloses in FIGS. 1-5 implanting a metallic (Pt) species a depth (Rp) 
of between 5 nm (50 A) and 20 nm (200 A) under a surface of a wafer (Si 21 in FIG. 1). 
(column 3, lines 15-44) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the metallic implant depth profile of Bredthauer with the 
method of Neilson et al to form Schottky barrier devices. (Bredthauer, Title and 
Abstract) 

Re claim 42, 43 and 45, Neilson et al disclose forming of an insulating layer (N~ 
Si 22 in FIGS. 2a-d comprises a dielectric on its top surface) on the first wafer. 

Neilson et al fail to disclose implanting includes using a mask to obtain local 
implantation zones; and before the implanting; and wherein the first wafer includes at 
least one insulating zone at a surface so as to obtain local implantation zones 

Bredthauer discloses in FIGS 2, 3 and 5 forming of a patterned (mask) insulating 
layer (Si0 2 12 in FIG. 2) on a wafer (Si 21 in FIG. 1) before the implantation (Pt in FIG. 
3) so as to obtain local implantation zones at and below a surface, (column 3, lines 15- 
44) 
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It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the patterned insulating of Bredthauer with the method of 
Neilson et al to perform selective implantation for a semiconductor device. 

Re claim 53, Neilson et al disclose in FIGS. (2a or 2b or 2c or 2d) and 3 a 
method of sealing a first wafer (N~ Si 22 in FIGS. 2a-d) and a second wafer (N + Si below 
buffer layer 24 in FIGS. 2a-d) each made of semiconducting (silicon) materials, 
comprising: 

implanting a metallic (Pt, Cu, Ni or Co centers "x" in FIGS. 2a-d) in at least the 
first wafer, at a depth under a surface of said first wafer, at a dose of between 1014 and 
1018 species/cm2 (column 3, lines 47-65: a concentration of 10 14 and 10 19 /cm 3 
corresponds to a dose of less than 10 16 species/cm 2 as is evidenced by Bredthauer, 
column 3, lines 15-44), assembling the first wafer and the second wafer by molecular 
bonding, (column 3, lines 47-67; column 4, lines 1-55; column 5, lines 5-22) 

Neilson et al fail to explicitly disclose after the molecular bonding, forming a 
metallic ohmic contact including alloys formed between the implanted metallic species 
and the semiconducting materials of the first wafer and the second water, said metallic 
ohmic contact being disposed at an assembly interface between the first wafer and the 
second wafer, wherein the forming includes causing the implanted metallic species to 
diffuse towards the interface between the first wafer with the second wafer and beyond 
the interface. 

However, these limitations are obviously satisfied since Neilson et al disclose 
using suitable heat treatment can be performed after a molecular bond between the first 
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and second wafers, which causes the metallic implant species to diffuse, both upward 
and downward, across the first and second wafer interface (20 in FIGS. 2a-d). Thus, the 
metallic species react with the silicon wafers to form metallic-silicon alloys which could 
functions as ohmic (metal-semiconductor: See Sze et al, 1 st , 2 nd or 3 rd Ed. 1969, 1981, 
2007; Chapter 3, Section 3.6) contacts, (column 3, lines 7-20; column 4, lines 25-55 
column 5, lines 5-22) 

With respect "at a depth of between 5 nm and 20 nm", Bredthauer discloses in 
FIGS. 1-5 implanting a metallic (Pt) species a depth (Rp) of between 5 nm (50 A) and 
20 nm (200 A) under a surface of a wafer (Si 21 in FIG. 1). (column 3, lines 15-44) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the metallic implant depth profile of Bredthauer with the 
method of Neilson et al to form Schottky barrier devices. (Bredthauer, Title and 
Abstract) 

Re claim 54, Neilson et al make obvious the claimed limitations of wherein the 
forming includes applying a heat treatment at a temperature equal at least to a 
formation temperature of the said metallic compounds since it is disclosed that a 
suitable heat treatment can be performed after a molecular bond between the first and 
second wafers, which causes the metallic implant species to diffuse, both upward and 
downward, across the first and second wafer interface (20 in FIGS. 2a-d), thus causing 
the metallic species react with the silicon wafers to form metallic-silicon alloys, (column 
3, lines 7-20; column 4, lines 25-55 column 5, lines 5-22) 
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6. Claims 31-33 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Neilson et al in view of Kish, Jr. et al (5,783,477-prior art of record) and Abe et al (US 
2002/0157790 A1 -prior art of record). 

Re claims 31-33, Neilson et al fail to disclose processing the first wafer to make 
all or part of a surface layer of the first wafer amorphous; and wherein the processing 
the includes depositing an amorphous material layer before and/or after implantation of 
the metallic species; wherein the processing includes implanting hydrogen. 

Kish, Jr. et al disclose in FIG. 9 an amorphisation step before assembly to make 
all or part of the surface layer (93 or 95; column 8, lines 18-37) of the first wafer 
(semiconductor layer under 93 or 95) amorphous; and the amorphisation step 
comprising deposition of an amorphous material layer (91; column 8, lines 18-37); and 
the amorphisation step comprising a surface implantation (column 8, lines 18-37). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the amorphisation step before assembly to make all or part 
of the surface layer of the first wafer amorphous; and the amorphisation step comprising 
deposition of an amorphous material layer; and the amorphisation step comprising a 
surface implantation of Kish, Jr. et al with the method of Neilson et al to form an ohmic 
interface between unipolar semiconductor wafers. (Kish, Jr. et al Abstract) 

Neilson et al and Kish, Jr. et al fail to disclose the amorphisation step comprising 
a surface implantation of hydrogen. 

Abe et al disclose in FIGS. 2-3 the amorphisation step comprising a surface 
implantation, for example by hydrogen, fl| [0064]) 
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It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the amorphisation step comprising a surface implantation, 
for example by hydrogen of Abe et al with the method of Neilson et al and Kish, Jr. et al 
to produce bonded wafers comprising an ion implantation of hydrogen without causing 
breakage of the wafers. (Abe et a I Abstract) 

7. Claims 37, 38 and 44 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Neilson et al in view of Kub et al (US 6,274,892 B1-prior art of record). 

Re claims 37 and 44, Neilson et al fail to disclose thinning at least one of the 
wafers after the assembling or after the forming of the metallic compounds; and thinning 
the first wafer after implantation of the metallic species. 

Kub et al disclose at least one of the wafers (80 in FIG. 2) being thinned, before 
the implantation and formation step of metallic compounds (Pt). (column 5, lines 62-67, 
column 6, lines 66-67 and column 7, lines 1-5) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the wafer thinning of Kub et al with the method of Neilson et 
al to form devices by low temperature direct bonding. (Kub et al, Title) 

Further, it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to thin at least one of the wafers after the assembling or after 
the forming of the metallic compounds; and to thin the first wafer after implantation of 
the metallic species since the selection of any order of performing process steps is 
prima facie obvious in the absence of new or unexpected results. In re Burhans, 154 
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F.2d 690, 69 USPQ 330 (CCPA 1946); In re Gibson, 39 F.2d 975, 5 USPQ 230 (CCPA 
1930). See MPEP § 2144.04. 

Re claims 38, Neilson et al fail to disclose at least one of the wafers being is a 
debondable structure. 

Kub et al disclose at least one of the wafers being a debondable structure, 
(wafers 80 and 95 are both debondable since the are bonded by low energy molecular 
(hydrophobic) bonding as is disclosed by the applicant; column 9, lines 37-61) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the debondable wafer(s) structure bonding of Kub et al with 
the method of Neilson et al to form devices by low temperature direct bonding. (Kub et 
al, Title) 

8. Claims 39 and 40 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Neilson etal in view of Yu etal (US 6,410,371 B1 -prior art of record). 

Re claims 39 and 40, Neilson et al fail to disclose at least one of the wafers 
includes a weakening plane; and thinning the wafer including the weakening plane by 
fracture along the said weakening plane, after the assembling or after the forming of the 
metallic compounds. 

Yu et al disclose in FIGS. 2 and 3A-3F at least one of the wafers (64 in FIG. 3E) 
including a weakening plane (weak zone); and the wafer including a weakening plane 
being thinned by fracture (broken) along the said weakening plane, (column 4, lines 19- 
43) 
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It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to substitute the at least one of the wafers comprising a weakening 
plane of Yu et al for one of the wafers of Neilson et al; and to use the wafer comprising 
a weakening plane being thinned by fracture along the said weakening plane of Yu et al 
with the method of Neilson et al to form a semiconductor-on-insulator (SOI) wafer. (Yu 
et al Abstract) 

9. Claims 55-57 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Neilson et al and Bredthauer as applied to claim 53 above, and further in view of Kish, 
Jr. et al (prior art of record) and Abe et al (prior art of record). 

Re claims 55-57, Neilson et al fail to disclose processing the first wafer to make 
all or part of a surface layer of the first wafer amorphous; and wherein the processing 
the includes depositing an amorphous material layer before and/or after implantation of 
the metallic species; wherein the processing includes implanting hydrogen. 

Kish, Jr. et al disclose in FIG. 9 an amorphisation step before assembly to make 
all or part of the surface layer (93 or 95; column 8, lines 18-37) of the first wafer 
(semiconductor layer under 93 or 95) amorphous; and the amorphisation step 
comprising deposition of an amorphous material layer (91; column 8, lines 18-37); and 
the amorphisation step comprising a surface implantation (column 8, lines 18-37). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the amorphisation step before assembly to make all or part 
of the surface layer of the first wafer amorphous; and the amorphisation step comprising 
deposition of an amorphous material layer; and the amorphisation step comprising a 
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surface implantation of Kish, Jr. et al with the method of Neilson et al to form an ohmic 
interface between unipolar semiconductor wafers. (Kish, Jr. et al Abstract) 

Neilson et al and Kish, Jr. et al fail to disclose the amorphisation step comprising 
a surface implantation of hydrogen. 

Abe et al disclose in FIGS. 2-3 the amorphisation step comprising a surface 
implantation, for example by hydrogen. (U [0064]) 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use the amorphisation step comprising a surface implantation, 
for example by hydrogen of Abe et al with the method of Neilson et al and Kish, Jr. et al 
to produce bonded wafers comprising an ion implantation of hydrogen without causing 
breakage of the wafers. (Abe et a I Abstract) 

Response to Arguments 

10. Applicant's arguments with respect to claims 27-45 and 53-57 have been 
considered but are moot in view of the new ground(s) of rejection attributed to Neilson 
et al (6,054,369), and Bredthauer (4,742,017) and Kish, Jr. et al (5,783,477-prior art of 
record) and Abe et al (US 2002/0157790 A1 -prior art of record) and Kub et al (US 
6,274,892 B1 -prior art of record). 

Conclusion 

1 1 . Applicant's amendment necessitated the new ground(s) of rejection presented in 
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See M PEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 
CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to ERIC W. JONES whose telephone number is (571)270- 
3416. The examiner can normally be reached on Monday-Friday 5:30AM-3:00PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Thao X. Le can be reached on (571)272-1708. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Thao X Le/ 

Supervisory Patent Examiner, Art 
Unit 2892 

/ERIC W JONES/ 
Examiner, Art Unit 2892 
11/17/2009 



